Background: Long-term lamivudine therapy, despite its initial effectiveness against hepatitis B virus (HBV), is associated with the emergence of drug resistance mutations in polymerase protein.
Background
Hepatitis B virus is the leading cause of liver disease, including fulminant hepatitis, cirrhosis, and hepatocellular carcinoma (HCC). The latter complication is at the top of ten leading causes of death worldwide. Globally, more than 400 million chronic carriers are at the risk for such complication (1) . Currently treatment options rely on Interferon alpha (INF-α) and Nucleos(t)ide Analogues (NA) (2) . Lamivudine (LAM) was the first approved oral NA, which was effective on HBV replication. It entered into the market in 1998 for widespread clinical use. It can remarkably reduce serum HBV DNA levels, enhance hepatitis B e antigen (HBeAg) seroconversion, thus decreasing the progression of liver disease (3, 4) . LAM is a synthetic NA that unlike IFN, does not have immunomodulatory effects, however, there is evidence to suggest that lamivudine treatment may overcome cytotoxic T cell hyporesponsiveness seen in chronically infected patients (5) .
In spite of this, prolonged LAM treatment is associated with emergence of the classic lamivudine-resistance in the tyrosine-methionine-aspartate-aspartate (YMDD) motif of HBV polymerase, which is the substitution of either valine or isoleucine for methionine (rtM204I/V, domain C) and upstream compensatory mutations in domains A(L80V/I, L82M, L91I) and B (rtV173L, rtL180M) of the reverse transcriptase (3, 6) . Genotypic resistant mutations have been detected in 14% -32% of patients after one year of treatment, reaching 70% after 4 years of treatment for lamivudine (7, 8) . Emergence of the lamivudine-resistant variants may be accompanied with virological and biochemical relapses followed by acute exacerbation of liver disease and although rare, hepatic decompensation (9) . Although LAM is more convenient than interferonbased therapies along with fewer side effects, prolonged viral suppression is usually not achieved after a 48-week course of therapy, which require long, and in many cases, indefinite treatment. Alas, extended LAM treatment is associated with an elevated risk of developing drug resistance. The reported prevalence of YMDD variants in Iranian patients undergone LAM therapy ranged between 14% and 33% (10) (11) (12) .
In populations worldwide, variants of HBV are selected after seroconversion to anti-HBe a translational stop codon at the 3' end of precore, predicting the prevention of HBeAg synthesis, was reported in several studies on chronic HBV-infected patients (13) . Precore variant has been described in asymptomatic carriers (14) , fulminant hepatitis (15, 16) , patients with hepatocellular carcinoma (17, 18) , after interferon (IFN) therapy (19, 20) , and following immunization (21) . This variant appears to be associated with severe liver disease in HBeAg negative patients with enhanced HBV replication (22) . Precore mutant has been reported at a range of 38% to 58% among Iranian chronic carriers (23-25).
Objectives
The aims of the present study were (i) to determine the prevalence of YMDD and precore mutations from sequential samples obtained from CHB patients undergone lamivudine therapy, and (ii) to explore the relationship between virological breakthrough and mutational patterns in these patients.
Patients and Methods
A total of 88 HBsAg-positive chronic carrier patients referred to the digestive disease research center in Shariati hospital, Tehran were enrolled in a cross-sectional retrospective study. All patients were interviewed and examined by gastroenterologists to evaluate the clinical findings and the results of the investigative workup (liver histology, ultrasonography, and laboratory tests such as serologic, biochemical, and virological tests) in order to determine the clinical status of the patient. Chronic hepatitis was defined as HBsAg positivity with or without the presence of HBeAg and moderate to high HBV DNA levels, persistent or intermittent elevation in the serum ALT levels, and compatible liver biopsy.
The selected patients did not have HDV, HIV, and HCV co-infection or receive any medication or vaccine. All patients were given their informed consent and the study protocol was approved by the local ethics committee (No. 3954). The eligible patients received 100 mg LAM orally. The patients were divided into three groups: I: before treatment, II, and III, 12 and 24 months after initiation of treatment, respectively. Five milliliter aliquots of whole blood samples were withdrawn from each participant. Serum was aseptically separated in the field by centrifugation at 2000 rpm for 5 min and stored at -20°C until be tested. HBV serological markers, including HBsAg and anti-HBs were examined by ELISA kits manufactured by Organon (Technika, The Netherlands).
DNA Extraction
HBV DNA was extracted from a 200 µL of sera using Qiagen mini blood kit (QIAGEN, Hilden, Germany) according to manufacturer's instruction. In brief, 20 µL of protease added to the serum in a 1.5 mL tube. Then, 200 µL of Al buffer added to each tube, were vortexed and incubated for 10 min at 56°C. For DNA precipitation, 200 µL of ethanol was added to the mixture, centrifuged for 1 min. Components were transferred to a collection tube contained filter. Trapped DNA was washed in two steps by AW1 and AW2 buffers to eliminate impurities together with centrifugation after each step. Finally, DNA was eluted using 100 µL of elution buffer, stored at -20°C.
Polymerase Chain Reaction
Specific primers were used for the amplification of RT (26) and precore (27) regions, as described previously. For the purpose of HBV genotyping, nested PCR on both genes was carried out as mentioned elsewhere (28) . Five microliter of extracted HBV DNA was used for the first round and 1 µL of the first round amplicon was utilized for the second round PCR reaction as the template.
DNA Sequencing
The sequencing analysis of the whole surface antigen region obtained from the second stage PCR was done with a DNA sequence analyzer (Perkin Elmer ABI-3130XL DNA Sequencer, Foster City, CA, USA) using 0.5 μL of appropriate internal primers as described previously (26, 27) . Electropherograms were analyzed with the Chromas program and checked manually to confirm base assignment.
Sequence Analysis
For the purpose of sequencing alignment, after allocating a sequence to an HBV genotype by analysis of the S gene, the found variations of surface gene amino acid/ nucleotide were compared with reference sequences obtained from available international sequences and the consensus HBsAg sequences from Iranian isolates obtained from GenBank, NCBI and from our laboratory using BioEdit package version 7.0.9. Comparing to the former, any amino acid changes defined as "variant" (host HLA-determined). With regard to the latter (Iranian database sequences), amino acid differences defined as "mutation".
Statistical Analysis
Data were analyzed with SPSS 16.0 (SPSS Inc., Chicago, Illinois, USA). Baseline descriptive data were expressed as mean ± SD for continuous variables and as frequencies and percentages for categorical variables. Associations were analyzed with Student t-test and categorical variables by Chi-square or Fisher exact test. For all comparisons, statistical significance was determined at 0.05 level.
Results

Demographic and Clinical Characteristics
The baseline characteristics and sequential changes of mutational patterns before and after therapy (12 and 24 months later) are shown in Table 1 . There were 64 (72.7%) males and 24 (27.3%) females, and the mean age of the patients was 38.02 years (range, 16 -71) . At the time of presentation, all participants were HBeAg negative and anti-HBe positive. From time point 0 to 24 (months), the levels of HBV DNA and ALT/AST in patients showed a significant decline (P values < 0.001 and < 0.002, respectively).
Mutational Analysis
Analysis of variation within the S gene of the patients with chronic HBV infection demonstrated that the only detected genotype was D (100%) and subtype ayw2 (100%). Tables 1 and 2 present the alignment of deduced amino acid sequences of the RT domain of polymerase protein obtained from the serial serum samples before administration of LAM and after treatment. In group I, one (1.1%); in group II, 12 (13.6%), and in group III, 22 (25%) members had the replacement of either isoleucine or valine with methionine in YMDD motif. The frequency of mutations from 0 time point to 12 and 24 showed that there was an ascending trend between sequential samples (P values < 0.001). The comparison between groups of II and III showed that mutation was related to valine amino acid (4.5% for 12 months and 11.4% for 24 months) and isoleucine amino acid (9.1% for 12 months and 13.6% for 24 months) replacing for the wild type (methionine). The later finding indicated that the frequency of isoleucine increased as time passed by, but this increase was not statistically significant (P value > 0.05). Tables 1 and 2 present the alignment of deduced amino acid sequences of the precore protein obtained from the serial serum samples before administration of LAM and after treatment. In group I, 31 (35.2%); group II, 36 (41.0%), and group III, 41 (46.6%) members had precore stop codon mutations. The frequency of mutations from 0 time point to 12 and 24 showed that there was a rising trend among sequential samples (Figure 1) . Indeed, frequency of precore stop codon was significantly increased with the passage of time in the patients of this study (P values < 0.001). Figure 1 shows the pattern of precore and YMDD mutations elevation among these groups of patients. 
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Discussion
The emergence of drug-resistant variants is one of the most serious problems associated with antiviral therapy. Although the initial effect of the lamivudine in suppressing HBV replication and reducing alanine aminotransferase activity is excellent, the emergence of drug-resistant variants reduces considerably the effect of the drug (29, 30) . Precore stop codon mutation is defined as a transition or replacement of G to A at nucleotide position 1896 in precore gene that results in a premature stop codon mutation at translation level, which abrogates the synthesis of HBeAg. Hence, the total loss of HBeAg would mitigate the its suppressive effect on HBV replication, leading to a high viral load profile in HBeAg negative patients who harbor precore stop codon mutations, suggesting that failure to produce a target antigen may be a way to evade the clearance of infected hepatocytes (31) . Emergence of this mutation heralds a poor prognosis on the chronicity state of HBV carriers (32) . This mutation is common in HBV genotypes B, C, D, and E. A relatively high prevalence of this mutation in the present study was not surprising, as previous reports from Iranian studies showed 38% to 58% of precore mutation (25, 33) . Moreover, this is the first Iranian study that investigated the evolution and emergence of this mutation in sequential samples from chronic carriers under antiviral therapy. This study clearly showed that as time went by, the prevalence of precore mutation increased significantly.
Data regarding on the concomitant presence of drug resistance and precore mutants are scarce. One study from Pakistan (34) conducted on 100 chronic carriers on lamivudine therapy, showed a lower prevalence of 6% and 14.3% for YMDD and precore mutations, respectively. After 24 weeks of therapy, 66% of the patients with the latter mutation, seroconverted to anti-HBe and lost their HBV DNA. However, in our study, the rates of precore and YMDD mutations were getting higher with prolonged therapy with no sign of decrease in HBV DNA levels. Whether prolonged lamivudine therapy directly affect the emergence of precore mutations was not clear, as usually a significant proportion of genotype D-infected individuals contain this mutation. On the other hand, the correlation between these two phenomena was significant; indicating that both YMDD and precore mutations, synergically resulted in drug resistance with poor virological response to therapy. Furthermore, the independent impact of precore mutations on the sensitivity for emergence of drug resistant was not clear, as the previous reports from Iranian patients revealed the prevalence of 25.7% (12) to 50% (Jazayeri, unpublished data) of YMDD mutations in patients undergoing lamivudine therapy. We believe that despite these observations, the effects of both mutations on each other are not reciprocal and their emergences may be independent to each one.
In conclusion, the results from this study, confirmed that precore mutations are common amongst Iranian HBV chronic carriers under lamivudine therapy and these mutations are accompanied with clinical relapse. The effect of precore mutation alone on antiviral therapy in these patients is not clear and the exact relationship between the presence of precore mutant strains of HBV and the efficacy of lamivudine therapy needs to be documented by cloning the sequential sera obtained from patients to monitor the emergence, clearance, and probably the re-emergence of precore mutants in a viral quasispecies pool.
